Abstract:
INTRODUCTION
There are two main sources of particulate matter (PM 10 ) in Northern Europe cities: residential heating and traffic. Residential heating comprises a variety of small-scale wood or coal combustion appliances, such as wood stoves, open fireplaces, masonry heaters and central heating boilers fuelled by wood, coal and wood chips or pellets. Wood and biomass combustion particles may play a dominant role in peoples' exposure to PM [1, 2] . Biomass burning contributes up to 40% of total particle mass in urban background regions where local heating is common [3 -6] . Orru et al. (2010) found that combustion from biomass accounts for up to 40% of fine particles (PM 2.5 ) in city of Tartu [6] and concentrations of fine particles PM 2.5 and organic carbon in PM 10 are usually highest in winter, when residential heating is used continuously [3, 5] .
Due to insufficient air flow and relatively low combustion temperatures, several pollutants are produced from log burning in residential wood stoves [7] . According to the combustion conditions in such appliances (low/high temperatures, complete/incomplete combustion), different particles with different chemical compositions and of different sizes are formed: organic carbon particles, soot, inorganic ash particles and polycyclic aromatic hydrocarbons (PAHs) [8, 9] .
In addition to traffic exhaust, the use of studded tyres in Northern Europe during winter results in higher rates of road abrasion and tyre and brake wear, which increases dust emissions [10] . Orru et al. (2010) have shown that at urban background site in Tartu, traffic and crustal dust are the second most important source of PM 2.5 (up to 13% of total fine particle mass) [6] . There have been no traffic exhaust particle composition studies done in Tartu; however, as in most other cities we expect vehicle emissions to consist mainly of exhaust particles (PM exhaust ), nitrogen oxides and black smoke [11] . Since the 1990s, levels of exhaust particles and PM 10 have changed in Tartu; while in Estonia the mean age of cars has reduced and newer vehicles emit relatively less pollutants per unit, the total number of vehicles has increased 3-6 times depending on the Tartu region [12] .
Both short-and long-term exposure to fine as well as coarse particles (PM 2.5-10 ) are associated with cardiovascular and respiratory morbidity or mortality [13 -18] . Associations to health symptoms have been found when analysing one region [19] or different regions within studies [20, 21] , mass concentration and particle size are probably not the only factors in PM-related health effects. Some epidemiological or experimental studies have also tried to find evidence regarding what particle components are most harmful to human health [21 -23] .
There are several studies that linked traffic pollution and health [11, 14, 24] , but the number of studies where the potential health effects of wood smoke exposure were investigated is relatively small. In addition, for studies where the effects of particles from different sources were compared, the focus was mainly on short-term health effects [25 -28] . Some recent reviewers have concluded that in developed countries the adverse health effects associated with wood smoke exposure do not seem to be weaker than that of ambient particles from other sources [29, 30] . Despite great uncertainty regarding the health risks of primary anthropogenic fine particles from different sources, some experts consider traffic induced particles to be more toxic than most others [31] .
Aim of the current study was to investigate potential effects of traffic and residential heating induced particles on respiratory and cardiac health.
METHODS

Study Site and Data
The study site Tartu is the second largest city in Estonia with a population 97,000. RHINE III (Respiratory Health in Northern Europe, www.rhine.nu) was a follow-up after 20 years of the respondents of the postal questionnaire survey ECRHS (European Community Respiratory Health Survey, www.ecrhs.org) conducted in 1993-1994. The original sample for Tartu comprised 3,000 people aged 20-44. In 1999-2001 the RHINE II postal questionnaire was sent to 2,459 (aged and the more recent 2011-2012 RHINE III questionnaire to 2,130 Tartu residents aged between 39-63 (in both cases participants comprised those people who had answered the ECRHS questionnaire in 1993, minus citizens who had died or left Estonia).
For the current study we selected only 905 people from total 1369 RHINE III respondents who wrote their current address as Tartu in the questionnaire. We believe this is more accurate than the address in Population register, where the questionnaire was sent (residents don't often update their current address). A separate analysis was done with those respondents who had been living at the same address since 2001 (623 inhabitants) ( Table 3 ).
Questionnaire on Respiratory Health and Cardiac Diseases in RHINE III
The health symptoms were defined based on the following questions:
Attack of cough: "Have you been woken by an attack of coughing at any time in the last 12 months?" Wheeze without cold: "Have you had wheezing or whistling when you did not have a cold?" Ever had asthma: "Do you have or have you ever had asthma?" Allergic rhinitis: affirmative answer to questions "Do you have any nasal allergies including hay fever?" and "Have you ever experienced nasal symptoms such as nasal congestion, rhinorrhoea (runny nose) and/or sneezing attacks without having a cold?" Attack of breathlessness: "Have you been woken by an attack of shortness of breath at any time during in the last 12 months?" Chest tightness: "Have you woken up with a feeling of tightness in your chest at any time in the last 12 months?" Cardiac disease: "Do you have any cardiac diseases?" Hypertension: "Do you have high blood pressure?" Stroke: "Have you ever had stroke?" Heart infarction or angina pectoris: "Have you even been treated in hospital because of heart infarction or angina pectoris?"
The following confounding variables were used: gender, age, body mass index (BMI), education level, smoking habits, and environmental tobacco smoke (ETS) at home. Age was used as continuous variable and body mass index (BMI) was categorized into four groups: underweight (<18.5 kg/m 2 ), normal weight (18.5-24.9 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ) and obese (>30.0 kg/m 2 ). Smoking habits were assessed for the preceding 10 years (current, exsmoker and never smoked).
Exposure to Air Pollution
Mean annual pollution exposures for different sources (local heating induced PM 2.5 , traffic induced PM 10 and total PM 2.5 ) were modelled separately. Concentrations of PM 2.5 and PM 10 for the years 2009-2012 were calculated for grid size of 100x100 m across Tartu using an Eulerian air quality dispersion model part of the AirViro Air Quality Management System. AirViro is a web-based air pollution data management tool that uses measured levels of air pollution from monitoring stations and meteorological variables from meteorological stations. It is used in HIA and epidemiologic studies for air pollution exposure modelling [32, 33] . The local heating emissions data was based on a residential wood combustion (RWC) database that consisted of data from buildings (heating system and heated area in m 2 ) and cadastral (cadastral coordinates) registries, which allowed us locate every household that used wood for heating. Household PM 2.5 emissions (g/s) were calculated according to the size (m 2 ) of each's heated area. The RWC emission database was based on emission factors that have been measured in the Estonian Environmental Research Centre's stove testing laboratory [34] and wood usage was acquired from the earlier questionnaire study in Tartu [35] . The traffic emission database was based on traffic counts conducted in 2011 and EEA/Corinair emission factors [36] .
Modelled PM results for the years 2009-2012 were compared and validated with data of PM 2.5 and PM 10 at the Kalevi monitoring station in Tartu, where also aerosol chemical composition is measured in PM 1 using the Aerodyne Aerosol Chemical Speciation Monitor (ACSM). The Kalevi station is located near the city centre in area with a relatively high percentage of wood burning heating systems. The ACSM is based on the widely used Aerodyne Aerosol Mass Spectrometer and combines an aerodynamic lens for particle focusing with high-vacuum particle thermal vaporization, electron impact ionization, and mass spectrometry [37] . The ACSM measures non-refractory PM 1 composition (organics, SO 4 , NO 3 , NH 4 and Chl) with a time resolution of 30 minutes.
For investigating potential specific sources of the measured particles, positive matrix factorization (PMF) was performed using SoFi 5.3 software [38] . Three main factors were identified according to the mass-to-charge (m/z) ratio: biomass burning aerosol (BBOA, m/z 29, 60, 73); oxidized organic aerosol (OOA, m/z 43, 44); hydrocarbon-like organic aerosol (HOA, m/z 27, 41, 43, 44, 55, 57, 69, 71). BBOA (50.64% of the total concentration) had small peak in the morning and a much larger peak in the evening. This was most likely indicative of peoples' heating habits in the nearby RWC area. HOA (28.02% of the total concentration), which is associated with sources such as traffic, had a minimum during the night and peaks during the morning and evening rush hours. OOA (21.34% of the total concentration) is associated with aged aerosols and is counted as background concentration [39] .
Modelled PM concentrations were linked with respondents' geocoded home addresses using ArcGIS 10.1 (ESRI, Redlands, CA, USA).
Statistical Analyses
For the analysis of the association between PM exposure at their home address and self-reported health problems, multiple logistic regression in Stata (StataCorp LP, College Station, TX, USA) was used. Odds ratios (OR) calculated per interquartile range (IQR) were used to describe between particle concentrations and health outcomes. All analyses (local heating PM 2.5 , traffic PM 10 and total PM 2.5 ) were adjusted for gender, age, body mass index (BMI), education level, smoking history and ETS (environmental tobacco smoke) at home. 
RESULTS
Participants' Demographics and Health Symptoms
The characteristics of the study participants are summarized in Table 1 . The mean age of respondents was 50 years. There were slightly more women (60.0%) and almost half of all respondents (43.4%) had a higher education. The prevalence of current smokers was 28.2% and 18.4% of respondents had been exposed to environmental tobacco smoke (ETS) in their homes every day. Among the health symptoms, the highest prevalence was for coughing (46.4%) and allergic rhinitis (36.9%). One quarter (25.4%) of respondents were obese (BMI >30).
Residents living at the current address since 2001 were slightly older (mean age of 51 years), had a higher percentage of people with a BMI >30 (27.8%) and 39.5% had higher education. Smoking prevalence was slightly lower (27.7%). There was no difference in the percentage of people exposed to ETS at home daily. 
Air Pollution Exposure
The annual mean exposure to residential heating induced particles among the respondents living in Tartu (Fig. 1) . (Fig. 1). 
Particle Exposure and Health Symptoms
Among the studied health symptoms of the Tartu residents in 2012 there appeared to be an association between an IQR increase in traffic induced PM 10 and cardiac diseases (OR=1.45, 95% CI 1.06−1.93). The association was also significant (p < 0.05) for IQR increase in total PM 2.5 exposure and cardiac disease (OR=1.42, 95% CI 1.02-1.95). As residents exposed to traffic induced particles were simultaneously also exposed to wood smoke particles, a multi-source model was built. When also taking into account the potential risk factors from residential heating, the odds ratio for an IQR increase in traffic induced particles and cardiac disease increased slightly (OR=1.45, 95% CI 1.09-2.02). Nevertheless, we found no associations with residential heating induced particles and respiratory or cardiac health symptoms. A protective effect appeared between an IQR increase in residential heating induced particles and allergic rhinitis in single-source (OR=0.68, 95% CI 0.47-1.00) and in multi-source model (OR=0.63, 95% CI 0.42-0.94) ( Table  2) . Study results were similar in residents living at the same address since 2001 compared to those who had any Tartu city address in 2012. IQR increase in traffic-related particle exposure was also associated with cardiac disease (OR=1.39, 95% CI 1.02-1.88) among long-term residents. However, we didn't saw an association with multi-source model. The ORs for an IQR increase in all sources total particle exposure and cardiac disease were slightly higher (OR=1.44, 95% CI 1.04-1.97) compared to people with exposure only to 2012 air pollution. No significant association with residential heating induced PM 2.5 and health symptoms was found ( Table 3) . 
DISCUSSION
Variations in Associations Between Health Symptoms and Different Sources of PM
Of the investigated sources and health symptoms, the potential association between traffic induced particles and cardiac disease appeared to be the most important. This is in line with several other studies that have found association between traffic-related PM and cardio-respiratory diseases [11, 40] . In our study we did not find any statistically significant association between traffic induced particles and respiratory symptoms. However, a recent study associated increasing PM 10 and chest tightness or coughing in adults [41] and several other studies have found relationships between traffic-related air pollution and the development of asthma in children and COPD in adults [42] . Studies have also reported that children and the elderly are at a higher risk of developing respiratory diseases when exposed to very high particle concentration levels (PM 2.5 over 250 µg/m 3 and PM 10 over 1500 µg/m 3 ) [43, 44] and living close to streets with high traffic flows increases the risk of wheezing among schoolchildren [45] .
We did not find any significant association between residential heating-related particles and self-reported health symptoms in a single-pollutant model; protective effect appeared in multi-source model between allergic rhinitis and residential heating. Study among children suggested that, protective role of residential heating might be the reason for increased risk of respiratory tract infections in childhood [46] . Earlier analysis with RHINE II data (2000/2001) showed higher odds of having respiratory symptoms such as wheeze and attack of cough in areas with higher levels of residential heating induced particles in Tartu [47] . Possible differences between these two analyses could be the lower exposure to residential heating induced particles, as levels in 2012 were lower than in average of [2009] [2010] [2011] [2012] (Fig. 1) . Also earlier modelling was done with different dispersion model with less accurate residential heating database, as used in the current study. Wood smoke in general has also been found to be toxic as studies have reported associations between wood smoke toxicity and systemic inflammation respiratory diseases (wheeze, cough) and cardiac hospital admissions [48 -50] .
Toxicological studies indicate that biomass smoke could also be associated with inflammatory effects [51 -53] that could later induce cardio-respiratory problems. However, it has been suggested that the inflammatory potential of wood smoke particles is smaller than that of traffic-related particle [54] . In addition, biomass combustion particles often grow in size within the human respiratory tract and therefore deposition is less efficient [55] . The higher deposition and toxicity of traffic particles compared to wood smoke could be the reason why we only saw statistically significant association between traffic induced PM and cardiac symptoms.
Dispersion Modelling to Separate Exposures from Different Sources
In our analysis dispersion modelling with separating different sources of PM was used for air pollution exposure assessments that seemed to be a good method differentiating exposure for different sources for epidemiological studies. Moreover, research community has now started focusing more on assessing PM from different sources (wood combustion, traffic) [56] . However, there are some concerns regarding air pollution assessment in general. Firstly, a resident's exposure is calculated based on the exposures at their home address, rather than in every day locations. Recent studies using GPS tracking have found that people only spend 15 hours a day in their homes [57] . However, to get annual personal exposure data with GPS tracking is expensive and the probable number of recruits is likely small. Unfortunately, we didnot ask people's work address, only occupation was inquired and then average exposure from home location was assessed. Secondly, we used self-reported answers to a questionnaire and related them with personal PM levels. Thus, over/under-estimation of peoples' health symptoms is also possible in the current work.
Some earlier studies also used a source apportionment approach to define the sources of particulate matter [58, 59] ; however, this is usually based on measuring station data and is therefore too crude for epidemiological studies in areas with few measuring stations.
Traffic-related Particle Composition and Their Health Effects
In urban areas in the UK, background organic carbon, sulphates and nitrates in composition of PM 2.5 have also been found in high concentrations [60] . After only five hours of exposure to PM that includes fine organic carbon, sulphates and nitrates, significant changes in biomarker levels associated with acute cardiovascular risk can occur [61] , which adds weight to the finding of the current study for a potential relationship between ambient traffic PM and risk of cardiac disease.
One of the earlier studies used indicators of oxidative capacity and possible toxicity was hydroxyl radical formation. During the ECRHS II study (2000/2001) it was found that PM 2.5 with hydroxyl radicals in Tartu contained high amounts of some heavy metals, such as Zn, Pb and Ti in the PM 2.5 fraction [6] . Some heavy metals (e.g. Zn, Pb, Cu) can be related to vehicular traffic, as measurements in a road tunnel (where traffic is the main source of air pollution) showed that heavy metals could contribute up to 19% of total PM 10 mass and 11.6% of total PM 2.5 mass [62] . Studies showing toxicity of heavy metals [23] and the presence of heavy metals in particles from traffic could be one of the explanations among others (e.g. particle size and deposition level), why we saw significant health effects with traffic particles but did not with wood smoke particles.
We found that traffic induced PM compared to residential heating induced PM are more strongly associated with health symptoms, especially with cardiac diseases. This study is in line with other research about PM and cardiovascular disease and supports results from few studies that analysed mainly short-term association between multiple PM sources and health symptoms [25 -28] . Our modelling results show that traffic induced PM had higher concentration in Tartu city environment than residential heating induced PM. Similar results have been indicated by Lee et al. [63] . in Southeastern US, where they saw relatively higher motor vehicle source impacts in populated urban areas and relatively higher impacts of biomass burning in less urbanized area. Also, we saw that the health effects can appear at very low levels, as the annual average PM concentrations in Tartu were below limit values set by Estonian and EU legislation. Thus, propagating activities as using more public transport and re-organizing vehicle traffic as well as better access to alternative low-emission heating technologies should lower the PM levels and thereby affect health of less people.
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